Grape seeds from five known red grape sorts and two new local sorts, obtained by hybridization of red and white varieties, have been valorized as vegetal oils, through good yield extraction. The fatty acid content the of obtained oils was determined by GC-FID, as methyl esters, and directly by 1 H-NMR spectroscopy. The obtained grape seed oils have a high content in linoleic acid (over 70%) and a relatively low quantity of saturated fatty acid (stearic and palmitic). Both measurement methods gave similar results confirming the accuracy of the spectroscopic method, which is less time and reagent consuming. Based on the fatty acid profile (FAP) of the oils, determined by either FT-IR or 1 H-NMR and using the Principal Component Analysis (PCA) and Hierarchical Clustering Analysis (HCA) statistical methods, the discrimination between the classical known grape sorts and the new local varieties could be achieved. The results show that such method is appropriate for discovering possible adulteration of the grape oils, valuable products due to the essential unsaturated acid content.
Management and disposal of large amounts of wastes produced by the food-processing industry generate serious environmental problems [1] . The wastes resulting from the wine industry are a source of raw materials, which may be used to manufacture new valuable products. The wine industry wastes are of interest for us, as Romania is a known wine producer, being ranked in 2015 as twelfth at global and sixth at European level [2] .
The grape seeds constitute a great part of the residue (~15%) resulted from wine production [3] . Converting such remaining materials into added-value bio-products represents a good a method to control wastes from wine industry. Such valorization is compulsory for a cost effective policy, as well as for environmental reasons [4] . A proper way of valorization seems to be the production of grape seed oils [5, 6] . The interest for these oils is due to their numerous applications, in various fields: pharmaceutical industry, cosmetics, cooking, etc. The oil extracted from grape seeds has exceptional therapeutic properties [7, 8] due to the high content of unsaturated fatty acids [9] together with significant quantities of polyunsaturated fatty acids.
Also, the grape seed oil contains vitamin E with a known antioxidant activity [8] , having neuroprotective and antitumor effects and being able to lower the cholesterol levels. This oil is rich in phytosterols that may exert antiarteriosclerotic activity [10] . The aqueous extracts prepared from grape seeds may have antibacterial and antioxidant activities [11] .
In this context, it is worthwhile mentioning that the determination of the authenticity of these oils is very important due to fraud affecting the well-being of consumers [12] . Adulteration of food products involves the replacement of high cost ingredients with lower grade and cheaper substitutes [13] .
This paper aims to characterize a number of grape seed oils, according to the fatty acid profile (FAP), by chromatographic and spectroscopic methods. These oils have been obtained by extraction from different traditional red grape varieties: Burgund (BU), Cabernet Sauvignon (CS), Merlot (ME), Pinot Noir (PN) and Feteasca Neagra (FN) as well as, new local varieties: Cristina (CR) and Mamaia (MA), created at the Research Centre for Viticulture and Enology Murfatlar (RCVEM). The study was conducted in order to prove the efficiency of the extraction method and to compare the accuracy of the oil FAP resulted by different analytic methods. The FAP determination can also help to establish the grape variety, based on the PCA method [14] confirming the oil authenticity.
Experimental part Material and methods
The samples are represented by the grape seeds from 14 different samples of red authentic varieties -both traditional (international varieties: Burgund (BU), Cabernet Sauvignon (CS), Merlot (ME), Pinot Noir (PN) and national Romanian variety: Feteascã Neagrã (FN)) as well as new local varieties: Cristina (CR), Mamaia (MA), created at RCVE Murfatlar, were collected from the crops of years 2010 (samples marked with 1) and 2011 (samples marked with 2) of Murfatlar vineyard Dobrogea (a southeastern region of Romania). The seed samples were provided by Murfatlar Viticulture Research Station of Constanta, the RCVE Murfatlar. Before being processed seeds were cleaned of plant residues.
Deuterated chloroform (CDCl 3 ) (min. 99.8%) and petroleum ether 40-60 o C fraction (p.a.) were purchased from Merck (Darmstadt, Germany). The solvents and BF 3 -MeOH 10-14% complex have been purchased from Sigma -Aldrich (Steinheim, Germany).
The oils from all the grape seeds have been extracted with light petroleum ether in a Soxhlet device, according to the known standard procedure (ISO 659:2009). The oils were transformed in methyl esters by treatment with methanol and BF 3 as catalyst, according to the standard method (ISO 12966-4:2015). The mixture of fatty acid methyl esters (FAMEs) was analyzed by GC the components being identified with the help of the Supelco certified reference material, containing 37 FAME Mix species. The analyses were performed with an Agilent Technologies 7890 A instrument, with FID detector, on a poly(biscyanopropyl)siloxane capillary column, having the following characteristics: 100 m length, 0.25 mm inner diameter, 0.2 µm film thickness (Supelco SP TM 2560). The working temperature program has been oven initial temperature 140 º C to final temperature 240 o C. The analyses were performed in triplicate. The average values are presented in Table 1 .
FT-IR spectra were recorded on a Bruker Equinox 55 Spectrometer, with a ZnSe [ATR (Attenuated Total Reflectance) crystal] spectral window 600 to 4000 cm -1 , and resolution of 2 cm -1 , at room temperature (~25°C).
The 1 H-NMR spectra of the extracted oils were recorded on a Bruker Avance III 400 spectrometer, operating at 9.4 Tesla, corresponding to the resonance frequency of 400.13 MHz for the 1 H nucleus, equipped with a direct detection four nuclei probe head and field gradients on z axis. Samples were analyzed in 5 mm NMR tubes (Wilmad 507), prepared by dissolving the grape seed oil in CDCl 3 , in a ratio of: 2/8 (V/V) and has been used the TMS as internal standard. Typical parameters for 1 H-NMR spectra were: 45° pulse, 2.05 s acquisition time, 6.4 KHz spectral window, 16 scans, 26 K data points.
The experimental data have been used in statistical analyses, such as: PCA (Principal Component Analysis) and HCA (Hierarchical Clustering Analysis). This has been performed using the XLStat 2015 software (Addinsoft).
Results and discussions
The oil was obtained by a continuous extraction of the grape seeds, using a Soxhlet standard method (Material and methods). The amount of oil extracted from 100 g of grape seeds ranges from 7.96 ± 0.09 g for the MA variety 2010 to 13.95 ± 0.05 g for the CR variety 2010. There are variations of the resulted oil quantity depending on grape variety and crop year ( fig. 1 ). The FAP was established for each oil sample by GC-FID and NMR analyses In the GC-FID procedure, the components identification was performed by comparing the retention time for each peak with those of a well-known standard mixture of 37 fatty acid methyl esters (Supelco 37 FAME Mix). In the standard mixture the exact concentration of each component is known. Signals were calibrated taking into account the concentration of each component of the standard mixture, correlated with the detector's response.
The grape seed oils were also analyzed by the NMR method described in a previous paper [15] . 1 H-NMR spectra were of similar shape, but differ in signal intensities and integral's values. The NMR analysis of the vegetable oils consists in a system of chemometric equations [16] allowing the determination of the FAP in terms of classes by tri-unsaturated fatty acids (linolenic acid), di-unsaturated fatty acids (linoleic acid), mono-unsaturated fatty acids (mainly oleic acid) and saturated fatty acids (palmitic and stearic acids) for each analyzed sample.
The results obtained by the NMR method have been confirmed by the GC-FID standard method. The FAP of the oils, obtained by the NMR and the standard GC-FID method are presented in table 1.
According to the experimental data (table 1) , all the seven types of the red grape seed oils (BU, CS, FN, ME, PN, CR, MA) subjected to this study contain about the same amount of tri-unsaturated fatty acid (linolenic acid), around 0.35%. A slightly larger amount was obtained for BU, CS and FN varieties. The average amount of di-unsaturated fatty acid (linoleic acid) in the grape seed oil samples is 74.30%. A larger amount was observed in case of ME variety. In the case of local varieties (CR and MA) the amount of di-unsaturated fatty acid is equal or larger than the average value of the traditional varieties samples. The oils contain around 17% mono-unsaturated fatty acids; a larger amount was detected for the BU variety. The average amount of saturated acids is 11%; the smallest amount being in the MA variety. These results are in agreement with literature data concerning FAP of grape seed oils. According to literature, the grape seed oils are composed of 90% unsaturated fatty acids, mainly linoleic acid (58-78%, 18:2 ω-6) followed by oleic acid (3-15%, 18:1 ω-9), plus linolenic acid (0.3-0.6%, 18:3 ω-3), and minor amounts of saturated fatty acids (10%), such as: palmitic acid 7.2-8.5% and stearic acid 3.8-3.9% [17] . Similar results are obtained even by a supercritical fluid extraction of the oil [12, 18] .
The new CR grape sort resulted by the hybridization of BN (Babeasca Neagra) and CH (Chardonnay) varieties. The MA variety was created by hybridization of varieties ME x BN x MO (Muscat Ottonel). The BN plant constitutes the support for the new varieties, being a climate adapted specie, not used for wine production. There is no information on the seed oil produced by this species. The new grapes are intended to produce superior quality red wines preserving some characteristics of parents. The FAP of these new varieties are different from those of their parent species (table 2) .
A slight enhancement of unsaturated fatty acid content may be noticed for the MA variety. This makes the corresponding grape seed oils more suitable for the human consumers, as an unsaturated fatty acid source.
Principal Component Analysis
Determination of the authenticity of oils and fats by manufacturers is very important as fraud affects the wellbeing of the consumers. Adulteration of food products involves the replacement of high cost ingredients with lower grade and cheaper substitutes [19] . The grape seed oil is a healthy food due to the high content in unsaturated vegetable fatty acids [20] and can be a possible subject for adulteration.
The discrimination between different types of edible oils and fats was achieved by a number of spectral methods also the GC-FID data [21] was used to distinguish the type of vegetable oils.
The differences between grape seed oils from local varieties and traditional oils were established first by applying the PCA method to the FT-IR spectral data. The FT-IR region relevant for this study is the spectral section set 1800-900 cm -1 , were are situated the absorption bands for fatty acids fingerprint. The overlapped FT-IR spectra, for the 7 varieties of grape seed oils subjected to this study, shows small differences ( fig. 2) . For accurate analysis the FT-IR data, turned into a vector with 19 variables, were subjected to statistical analyses (PCA and HCA).
A good separation of the grape seed oils created at RCVE Murfatlar from the other genuine traditional oils is obtained ( fig. 3a) . The new local varieties cluster against the traditional red varieties; this could be also noticed from the HCA. A well-defined group was formed, separated from the specific areas of the red traditional varieties ( fig. 3b ). The NMR spectroscopy analysis may be also applied for compositional analysis and structural identification of functional components in foods [22] . As shown before, and confirmed by the experimental results presented in this paper, the data obtained based on the 1 H-NMR analysis are comparable to the ones determined chromatographically. This method of analysis, correlated with PCA [23] , was used to evaluate the oil composition [24] .
The 1 H-NMR spectra of 7 varieties of grape seed oils is presented in figure 4 . The integral values of signal A-J are used in the chemometrical computations ( fig. 4 ).
The NMR spectral data were also subjected to a PCA analysis and the results are presented in figure 5 . A very good discrimination between oils extracted from grape seeds from the varieties created at RCVEM and the traditional varieties is obtained. Thus, grape seed oil varieties CR and MA is found in the quadrant I and IV, while oils extracted from red traditional grape seeds are placed in quadrant II and III. Sharing a commune ancestor (BN grape variety) makes the two newly created varieties (MA and CR) to group together, differently from the classical red varieties cultivated in Murfatlar vineyard.
Conclusions
A number of red grape seeds varieties produced by Murfatlar, a vineyard situated in the south-east of Romania, have been valorized by oil extraction. The extraction method of the oil seeds gave better or similar yields than the other methods specified in literature.
The fatty acid composition of the oils has been determined using statistical computations and the 1 H-NMR data, the results being similar with the standard GC-FID. Thus, the NMR method, which is less time consuming and demands fewer chemicals, seems appropriate for the FAP determination with proper results for grape seed oils.
Based on statistical analysis (PCA and HCA) of their experimentally determined FAP, the oils produced from the two new varieties obtained by hybridization were characterized in comparison with those obtained from the already known (traditional) species and the results offer a good discrimination of the two newly created varieties.
The newly created MA variety contains the smallest amount of saturated fatty acids, holding a good prospective for food applications.
The oils extracted from all grape seeds samples could be differentiated according to their variety on the basis of their FAP and specific spectral fingerprint. Accordingly, decisions of the optimal use (as food or as cosmetic ingredient) for the obtained oils may be completed.
